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In the Claims: 

1 . (Currently Amended) A method of manufacturing an inter-level dielectric (ILD) 
layer of a semiconductor device, the method comprising: 

forming a first low-dielectric constant material sub-layer over a substrate, the first 
low-dielectric constant material having at least one first material property; 

forming a second low-dielectric constant material sub-layer over the first low- 
dielectric constant material sub-layer, the second low-dielectric constant material sub- 
layer having at least one second material property, wherein the at least one second 
material property is different from the at least one first material property; and 

forming a third low-dielectric constant material sub-layer over the second low- 
dielectric constant material sub-layer, the third low-dielectric constant material sub-layer 
having at least one third material property, the at least one third material property being 
different from the at least one second material property property, wherein the first low- 
dielectric constant materia! sub-laver , the second low-dielectric constant material sub- 
layer, and the third low-dielcctric constant material sub-layer form a single ILD layer . 

2. (Previously Presented) The method according to Claim 1 , wherein manufacturing 

the ILD layer comprises forming the first low-dielectric constant material sub-layer, 

second low-dielectric constant material sub-layer, and third low-dielectric constant 

material sub-layer from metbylsilsesquioxane (MSQ), a MSQ derivative, 

hydridosilsesquioxane (HSQ), a HSQ derivative, an oxide and MSQ hybrid, a 

porogeuMSQ hybrid, an oxide and HSQ hybrid, a porogen/HSQ hybrid, or combinations 
thereof. 
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3. (Previously Presented) The method according to Claim 1, wherein manufacturing 
the ILD layer comprises forming the first low-dielectric constant material sub-layer, 
second low-dielectric constant material sub-layer, and third low-dielectric constant 
material sub-layer continuously from the same material in one or more deposition 
chambers. 

4. (Previously Presented) The method according to Claim 1 , wherein manufacturing 
the ILD layer comprises forming the first low-diclectric constant material sub- layer, 
second low-dielectric constant material sub-layer, and third low^dielectric constant 
material sub-layer while adjusting the deposition conditions. 

5. (Original) The method according to Claim 4, wherein adjusting the deposition 
conditions comprises adjusting the gas flow rate, power, or gas species. 

6. (Original) The method according to Claim 1 , wherein the first material property, 
second material property, and third material property comprise density, dielectric 
constant, adhesion, or Young's modulus. 

7. (Original) The method according to Claim 1 , further comprising forming at least 
one fourth tow-dielectric constant material sub-layer over the third low-dielectric constant 
material sub-layer, the fourth low-dielectric constant material sub-layer having at least 
one fourth material property, wherein the at least one fourth material property is different 
from the at least one third material property. 
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8. (Currently Amended) A method of manufacturing a semiconductor device, the 
method comprising: 

providing a substrate, the substrate having component regions formed thereon; 

forming a first etch stop layer over the substrate; 

forming a first inter-level dielectric (ILD) layer over the first etch stop layer; and 
forming at least one first conductive region in the first ILD layer and first etch 
stop layer, wherein at least one first conductive region makes electrical contact with at 
least one component region of the substrate, and wherein the first TT n layer comprises a 
single ILD layer and forming the first ILD layer comprises: 

forming a first low-dielectric constant material sub-layer over the first etch 

stop layer, 

forming a second low-dielectric constant material sub-layer over the first 
low-dielectric constant material sub-layer, the second low-dielectric constant material 
sub-layer having at least one different material property than the first low-dielectric 
constant material sub-layer; and 

forming a third low-dielectric constant material sub-layer over the second 
low-dielectric constant material sub-layer, the third low-dielectric constant material sub- 
layer having at least one different material property than the second low-dielectric 
constant material sub-layer. 

9. (Original) The method according to Claim 8, wherein forming the first ILD layer 
comprises forming the first low-dielectric constant material sub-layer, second low- 
dielectric constant material sub-layer, and third low-dielectric constant material sub-layer 
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from methylsilsesquioxane (MSQ), a MSQ derivative, hydridosilsesquioxane (HSQ), a 
HSQ derivative, an oxide and MSQ hybrid, a porogen/MSQ hybrid, an oxide and HSQ 
hybrid, a porogen/HSQ hybrid, or combinations thereof. 

1 0. (Original) The method according to Claim 8, wherein forming the first ILD layer 
comprises forming the first low-dielectric constant material sub-layer, second low- 
dielectric constant material sub-layer, and third low-dielectric constant material sub-layer 
continuously from the same material in one or more deposition chambers. 

11- (Original) The method according to Claim 8, wherein forming the first ILD layer 
comprises foiming the first low-dielectric constant material sub-layer, second low- 
dielectric constant material sub-layer, and third low-diclectric constant material sub-layer 
while adjusting the deposition conditions. 

12. (Previously Presented) The method according to Claim 1 1, wherein adjusting the 
deposition conditions comprises adjusting the gas flow rate, power, or gas species. 

13. (Original) The method according to Claim 8, wherein the material property of the 
second low-dielectric constant material sub-layer and the material property of the third 
low-dielectric constant material sub-layer comprise density, dielectric constant, adhesion, 
or Young's modulus. 

14. (Original) The method according to Claim 8, further comprising forming at least 
one fourth low-dielectric constant material sub- layer over the third low-diclectric constant 
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material sub-layer, the fourth low-dielectric constant material sub-layer having at lea$t 
one different material property than the third low-dielectric constant material sub-layer. 

15. (Previously Presented) The method according to Claim 8, further comprising; 
forming a second etch stop layer over the first ILD layer; 
forming a second ILD layer over the second etch stop layer; and 
forming at least one second conductive region in the second ILD layer and second 
etch stop layer, wherein the at least one second conductive region makes electrical contact 
with the at least one first conductive region, and wherein forming the second ILD layer 
comprises: 

forming a fourth low-dielectric constant material sub-layer over the second 

etch stop layer; 

forming a fifth low-dielectric constant material sub-layer over the fourth 
low-dielectric constant material sub-layer, the fifth low-dielectric constant material sub- 
layer having at least one different material property than the fourth low-dielectric constant 
material sub-layer; and 

forming a sixth low-dielectric constant material sub-layer over the fifth 
low-dielectric constant material sub-layer, the sixth low-dielectric constant material sub- 
layer having at least one different material property than the fifth low-dielectric constant 
material sub-layer. 

16. (Currently Amended) An inter-level dielectric (ILD) layer of a semiconductor 
device, comprising: 

a first low^dielectric constant material sub-layer, the first low-dielectric constant 

TSM03-0340 « , 

Page 6 of 13 

PAGE 7/14 * RCVD AT 10/19/2005 3:22:00 PM [Eastern Daylight Time] 1 SVR:USPTO-EFXRF-6/33 1 DNIS:273830fl 1 CSID:97273292 1 8 1 DURATION (mnt-s$):03-10 



ia/19/2085 14:19 9727329218 



SLATER & MATS I L LLP 



PAGE 08/14 



material having at least one first material property; 

a second low-dielectric constant material sub-layer disposed over the first low- 
dielectric constant material sub-layer, the second low-dielectric constant material sub- 
layer having at least one second material property, wherein the at least one second 
material property is different from the at least one first material property; and 

a third low-dielectric constant material sub-layer disposed over the second low- 
dielectric constant material sub-layer, the third low-dielectric constant material sub-layer 
having at least one third material property, the at least one third material property being 
different from the at least one second material prope fty property, wherein the first low- 
dielectric constant material sub-lave n the second low-dielcctric constant material sub- 
layer, and the third lo w-dielectric constant material sub-laver form a single ILD 1aver . 

17. (Original) The TLD layer according to Claim 16, wherein the first low-die! ectric 
constant materia] sub-layer, second low-dielectric constant material sub-layer, and third 
Iow~diclectric constant material sub-layer comprise methylsilsesquioxanc (MSQ), a MSQ 
derivative, hydridosilsesquioxane (HSQ), a HSQ deri vative, an oxide and MSQ hybrid, a 
porogeuyMSQ hybrid, an oxide and HSQ hybrid, a porogeo/HSQ hybrid, or combinations 
thereof. 

1 8. (Original) The ILD layer according to Claim 1 6, wherein the first low-dielectric 
constant material sub-layer, second low-dielectric constant material sub-layer, and third 
low^dielectric constant material sub-layer are formed continuously from the same 
material in one or more deposition chambers. 
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1 9. (Original) The ILD layer according to Claim 16, wherein the first material 
property, second material property, and third material property comprise density, 
dielectric constant, adhesion, or Young's modulus. 

2<X (Original) The ILD layer according to Claim 16, further comprising at least one 
fourth low-dielectric constant material sub-layer disposed over the third low-dielectric 
constant materia] sub-layer, the fourth Jow-dielectric constant material sub-layer having at 
least one fourth material property, wherein the at least one fourth material property is 
different from the at least one third material property. 

2 1 . (Currently Amended) A semiconductor device, comprising: 

a substrate, the substrate having component regions formed thereon; 
a first etch stop layer disposed over the substrate; 

a first inter-level dielectric (ILD) layer disposed over the first etch stop layer; and 
at least one first conductive region formed in the first ILD layer and first etch stop 
layer, wherein the at least one first conductive region makes electrical contact with at 
least one component region of the substrate, and wherein the first ILD layer compriso sig 
a single ILD layer comprising : 

a first low-dielectric constant material sub-layer disposed over the first 

etch stop layer; 

a second low-dielcctric constant material sub-layer disposed over the first 
low-dielcctric constant material sub-layer, the second low-dielectric constant material 
sub-layer having at least one different material property than the first low-dielectric 
constant material sub-layer, and 
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a third low-dielectric constant material sub-layer disposed over the second 
low-dielectric constant material sub-layer, the third low-dielectric constant material sub- 
layer having at least one different material property than the second low-dielectric 
constant material sub-layer. 

22. (Original) The semiconductor device according to Claim 21, wherein the first 
low-dielectric constant material sub-layer, second low-dielectric constant material sub- 
layer, and third low-dielectric constant material sub-layer comprise methylsilsesquioxane 
(MSQ), a MSQ derivative, hydtidosilsesquioxane (HSQ), a HSQ derivative, an oxide and 
MSQ hybrid, a porogen/MSQ hybrid, an oxide and HSQ hybrid, a porogen/HSQ hybrid, 
or combinations thereof. 

23. (Original) The semiconductor device according to Claim 21 , wherein the first 
low-dielectric constant material sub-layer, second low^dielectric constant material sub- 
layer, and third low-dielectric constant material sub-layer are formed continuously from 
the same material in one or more deposition chambers. 

24. (Original) The semiconductor device according to Claim 21 , wherein the different 
materia] property of the second low-dielectric constant material sub-layer and third low- 
dielectric constant material sub-layer comprises density, dielectric constant, adhesion, or 
Young's modulus. 

25. (Original) The semiconductor device according to Claim 2 1 , further comprising at 
least one fourth, low-dielectric constant material sub-layer disposed over the thiid low- 
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dielectric constant materia] sub-layer, the fourth low-dielectric constant material sub-layer 
having at least one different material property than the third low-dielectric constant 
material sub-layer. 

26. (Previously Presented) The semiconductor device according to Claim 21, further 
comprising; 

a second etch stop layer disposed over the first ILD layer, 
a second ILD layer disposed over the second etch stop layer; and 
at least one second conductive region disposed in the second ILD layer and second 
etch stop layer, wherein the at least one second conductive region makes electrical contact 
with the at least one first conductive region, and wherein the first ILD layer comprises: 

a fourth low-dielectric constant material sub-layer disposed over the 
second etch stop layer; 

a fifth low-dielectric constant material sub-layer disposed over the fourth 
low-dielectric constant material sub-layer, the fifth low-dielectric constant material sub- 
layer having at least one different material property than the fourth low-diclectric constant 
material sub-layer; and 

forming a sixth low-dielectric constant material sub-layer over the fifth 
low-dielectric constant material sub-layer, the sixth low^dielectric constant material sub- 
layer having at least one different material property than the fifth low-dielectric constant 
material sub-layer. 

27. (Original) The semiconductor device according to Claim 21, wherein the first 
low-dielectric constant material sub-layer comprises a first Young's modulus, wherein the 
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first Young's modulus is greater than a second Young's modulus of the second low- 
dielectric constant materia] sublayer and a third Young's modulus of the third low- 
dielectric constant material sub-layer. 

28. (Previously Presented) The semiconductor device according to Claim 21, wherein 
the first low-dielectric constant material sub-layer comprises a first dielectric constant, 
wherein the first dielectric constant is less than a second dielectric constant of the second 
low-dielectric constant material sub-layer and a third dielectric constant of the third low- 
dielectric constant material sub-layer. 

29. (Original) The semiconductor device according to Claim 21, wherein the first 
low-dielectric constant material sub-layer is more adhesive than the second low-dielectric 
constant material sub-layer and the third low-dielectric constant material sub-layer. 
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